Until recently, microstrip filter designs were being done with full metallic ground-plane present on one side of the substrate. The state-of-theart, however, changed when deliberately created defects in the ground (called Defected Ground Structures or, simply, DGS) were introduced, to further improve the filter performance. This paper presents four original design examples on low-pass and band-pass filters with and without DGS. Design methodology, optimization details, fabrication details, and experimentally-obtained data are presented, for each of the designs. The prototypes are tested using Rohde and Schwarz ZVA40 Vector Network Analyzer. It is found that the filter performance characteristics like passband ripple, 3-db bandwidth, return loss and stopband rejection show significant improvement when Defected Ground Structures are used in the design.
Introduction
In the past few years several new techniques have been applied to designing radio frequency (RF)/microwave components. One of them is the Defected Ground Structure (DGS). The DGS is a deliberately etched periodic or non-periodic cascaded configuration defect in the ground plane of a planar transmission line [1] . It disturbs the shield current distribution in the ground plane which eventually changes the characteristics of a transmission line such as line capacitance and line inductance.The use of various DGS geometries has been reported in the literature, such as rectangular, circular, square, dumbbell, spiral, L-shaped, concentric ring, U-shaped and V-shaped, hairpin DGS, hexagonal, cross shaped, arrow head slot, interdigital DGS etc [2] .Depending on the shape and dimensions of the defect the shielded current distribution in the ground plane is disturbed resulting in a controlled excitation and propagation of the electromagnetic waves through the substrate layer. The work reported in this paper mainly focuses on the dumbbell shaped DGS for high frequency filtering applications. Figure 1 shows the structure of the Dumbbell shaped DGS etched on the metallic ground plane of a microstrip line [3] . It consists of two rectangular slots of dimension a x b connected by a narrow slot of dimension g x w thereby resembling a dumbbell [4] . Figure 6 shows the photograph of the prototype that was built. Figure 7 shows the experimental results obtained using the Vector Network Analyzer.The response obtained is maximally flat with a rejection of approximately 40 dB at 2.2GHz which is much better than the design requirement. The return loss performance is seen to be slightly better than that obtained in the previous design (66 dB in the best case). The 3dB cut off frequency remains unaltered at 1.2GHz. Furthermore, it can be said that the power handling capability of the stepped impedance low pass filter with DGS will be better than that for the stepped impedance low pass filter without DGS since DGS helps in implementing high impedance inductance line with broader conductor width when compared to conventional microstrip. 
T and with

L
In
Bandpass filter
This section describes the design and performance of stepped impedance resonator (SIR) bandpass filters. Two kinds of filters have been designed and fabricated followed by their performance analysis. The first design is a bandpass filter implemented using four stepped impedance resonators operating at a center frequency of 2GHz. The same design is implemented using defected ground structure technology in next design and the results obtained are compared with those of the first design. f a stepped im given by [6] -[ value for 0<K ly, is chosen Table 2 . 
aximum value nd is chose the prototype ossible. Figure 10 shows the experimental results obtained. The center frequency is found to be 2GHz. The maximum passband insertion loss is found to be 3.59dB and the maximum return loss obtained is 11.44dB. At 2GHz the return loss is approximately equal to 6dB which is not desirable. The 3-dB bandwidth is found to be 0.2GHz.
SIR bandpass filter with DGS
Since the design specifications are same as those of design in section 3.1, the procedures to obtain the widths, electrical lengths and physical lengths of the resonators remain the same. In this case a unit cell dumbbell shaped defect is etched in the ground plane. Initially, taking a=15mm, b=3mm, l=15mm and f=2mm as nominal values a parametric analysis was performed wherein the slot width was varied from 1mm to 3mm. The best results were obtained for a=15mm, b=3mm, l=15mm, and f=1mm. Figure 11 shows the superimposed view of the top layer and the ground plane of the hairpin SIR bandpass filter with DGS as seen from the top. Figure 13 shows the experimental results obtained. The center frequency is found to be 1.67 GHz. The return loss and insertion loss obtained at the center frequency are 18.2dB and 2dB respectively. The bandwidth obtained is 400 MHz which is twice the value obtained for the design in section 3.1. It is observed that introduction of defect in the ground plane causes a shift in the center frequency but by varying the dimensions of the defect such as slot width, the desired frequency can be achieved. It is clearly evident that the performance of the hairpin SIR resonator with DGS (especially in terms of the passband ripple and the 3-dB bandwidth) is much superior to that of the hairpin SIR resonator without DGS.
Conclusion
a) In case of low pass filter designs, when the DGS was introduced, the cutoff frequency remained unaffected, and there was slight improvement in the return loss performance. b) In case of bandpass filter designs, when the DGS was introduced, considerable improvement was observed in the passband ripple, in the 3-dB bandwidth, in the return loss and in the stopband rejection.
